In order to determine the chromosomal localization of the murine interferon-co (MuIFN-a) and murine interferon-fl (MuIFN-fl) genes the DNAs of a panel of somatic cell hybrids were analysed by Southern blot hybridization. The hybrid cells were derived from E36 Chinese hamster cells and GRSL or GR MaTu mouse cells and retained all hamster chromosomes but segregated mouse chromosomes. The MuIFN-~ probe used was a 0.7 kb HindIII-EcoRI fragment derived from the MuIFN-al gene which hybridized with both mouse and hamster DNA. However, four fragments present in EcoRI digests of mouse DNA were clearly absent from the hybridization profile of EcoRI-digested hamster DNA and could be used for detection of MuIFN-a sequences in the hybrid cells. The MuIFN-/~ probe, a 0.5 kb BglII-BamHI fragment derived from the MuIFN-fl gene, hybridized with a 2-6 kb EcoRI fragment of mouse DNA and only weakly cross-hybridized with a 4.8 kb EcoRI fragment in hamster DNA. Southern blot analysis of DNA from mouse/hamster hybrids compared with the analysis of chromosome markers showed that both the MuIFN-cc and the MulFN-fl genes are located on chromosome 4. Analysis of DNA from hybrids that contained only part of chromosome 4 indicated that the MuIFN-~ gene family and the MuIFN-fl gene are situated at the centromere-proximal region of the chromosome.
INTRODUCTION
Interferons are a family of proteins showing, by definition, antiviral properties (for review, see Stewart, 1979) . On the basis of antigenic characteristics three different types of interferons can be distinguished: interferon c~ (IFN-c0, interferon 13 (IFN-fl) and interferon ~ (IFN-~). IFNand IFN-fl are produced by incubation of cells with virus or double-stranded nucleic acid. IFN-~ is produced following mitogenic or antigenic stimulation of T lymphocytes.
Most data published so far show that both the human genome and the mouse genome contain one copy of the IFN-fl gene (Houghton et al., 1981 ; Tavernier et al., 1981 ; Higashi et al., 1983) , one copy of the IFN-~ gene ) and a series of over ten IFN-~ genes Bracket al., 1981 ; Goeddel et al., 1981 ; Owerbach et al., 1981 ; Shaw et al., 1983) . The structure of the human and mouse IFN-fl (Taniguchi et al., 1980a; Derynck et al., 1980; Higashi et al., 1983) , IFN-~, and (part of) the IFN-cc genes Streuli et al., 1980; Mantei et al., 1980; Goeddel et al., 1981; Ullrich et aL, 1982; Shaw et al., 1983; E. C. Zwarthoff et al., unpublished results) has been elucidated. The IFN-~ genes show a mutual homology of 85 to 97~ both for human and mouse genes (E. C. Zwarthoff, unpublished results). There is approximately 45~ structural homology between IFN-~ and IFN-fl genes (Taniguchi et al., 1980 b) . No strong structural relationship between the IFN-~/fl genes and the IFN-~ gene could be detected. Furthermore, the IFN-~ gene contains three introns , whereas the IFN-~/fl genes do not have introns  0000-6392 © 1985 SGM Goeddel et al., 1981 ; Tavernier et al., 1981 ; Houghton et al., 1981 ; Higashi et al., 1983; Shaw et al., 1983; E. C. Zwarthoffet al., unpublished results) .
All data described above indicate a strong relationship between IFN-~ and IFN-fl and no obvious correlation between IFN-a/~ and IFN-7. This is also indicated by the chromosomal localization of the human IFN genes. The IFN-~ gene is located on chromosome 12 (Trent et al., 1982; Naylor et al., 1983) ; the IFN-~ and IFN-/~ genes are clustered on chromosome 9 (Meager et al., 1979; Owerbach et al., 1981; Shows et al., 1982; Slate et al., 1982; Trent et aL, 1982) . Recently, it was shown that the mouse IFN-7 gene is located on chromosome 10 (Naylor et al., 1984) and that a series of mouse IFN-c~ genes is located on chromosome 4 (Kelley et al., 1983; Lovett et al., 1984) . No data are available as yet concerning the genetic linkage of MuIFN-~ and MuIFN-/~ genes. Here we describe such a linkage by determining the regional chromosomal location of both the MuIFN-~ and MuIFN-/~ genes.
METHODS
Cell culture. E36 cells are hypoxanthine guanine phosphoribosyltransferase (HGPRT)-deficient Chinese hamster lung fibroblasts (Gillin et al., 1972) . GRSL cells are thymic leukaemia cells derived from a male GRS/A (GR) mouse serially transplanted in ascites form (Hilgers et al., 1975) . Primary mammary tumour cells (GR MaTu cells) were derived from a mammary turnout of a GRS/A mouse; they were maintained in MEM with D-valine medium for one passage in order to permit preferential growth of epithelial cells (Gilbert & Migeon, 1975) .
EGR hybrid clones were prepared by fusion of GRSL cells and E36 cells (Hilkens et al., 1979) . EMT hybrids were derived from a fusion between primary GR MaTu cells and E36 cells. Both panels of hybrid cells retained all hamster chromosomes but segregated mouse chromosomes. The fusion procedure and a further description of the hybrids have been given previously (Hilkens et al., 1979 (Hilkens et al., , 1980 (Hilkens et al., , 1983 .
All cell lines were grown in Dulbecco's modified MEM supplemented with 10~ newborn calf serum. Hybrid cells were grown in the same medium supplemented with 100 ~tM-hypoxanthine, 0.4 laM-aminopterin and 16 ~tu-thymidine (HAT). All cell lines were routinely checked for mycoplasma infection.
Chromosome marker analysis. The presence of almost all of the mouse and Chinese hamster isoenzymes was examined in each hybrid by the difference in electrophoretic mobility of the isoenzymes in 12% starch gels. Superoxide dismutase and sorbitol dehydrogenase isoenzymes were separated by isoelectrie focusing; transcobaltamine was separated on polyacrylamide gels. A total of 30 isoenzymes was tested according to published procedures (Shaw & Prasad, 1970; Omenn & Wade-Cohen, 1971; Nichols & Ruddle, 1973 Nichols et al., 1974; Van Someren et al., 1974; Womack & Sharp, 1976; Womack et al., 1977; Bruns et al., 1979; M. Frater-Schr6der et al., unpublished N-ras (Ryan et al., 1984) was analysed by Southern blot hybridization after digestion of cellular DNA by EcoRI. Preparation of DNA and Southern blot analysis. High molecular weight DNA was prepared from parental cells and hybrid cells as described previously (Nusse & Varmus, 1982) . Other DNA preparations used were from mouse NIH/3T3 cells (NIH Swiss), RED-1 cells (DBA), RMB-I cells (BALB/c) and Chinese hamster ovary cells.
Appropriate amounts of DNA (about 15 lag) were digested with arl_excess of Ec_oRI. The DNA fragments were separated on a 0.8% agarose gel and transferred onto a Millipore HAHY nitrocellulose filter. The filters were hybridized in a solution containing 3xSSC, 100 Ixg/ml denatured salmon sperm DNA, 0-1% sodium pyrophosphate, 0.1 ~ SDS and I0 x Denhardt's solution. After overnight hybridization at 65 °C the filters were washed seven times, starting with 3 × SSC and ending with 0.1 × SSC at 65 °C. As hybridization probes the 0.7 kb HindllI-EcoRI fragment of plasmid pSVIOEF containing the MulFN-~q gene, the 0.7 kb BamHI-EcoRI fragment of plasmid pSV-19EE-M, which contains the MulFN-~z gene (E. C. Zwarthoff et al., unpublished results) and the 0.5 kb BamHI-BgllI fragment of plasmid pM/~-3 (Higashi et aL, 1983) were used. The fragments were 32p-labelled by nick translation (sp. act. approx. 2 x 108 c.p.m./p.g). Washed filters were exposed for 1 to 4 days to a Kodak X-Omat AR film between two intensifying screens (Ilford) at -80 °C.
RESULTS

Southern blot analysis of hamster and mouse DNA with MulFN-e and MulFN-~ probes
Genomic DNA, isolated from mouse cells (GRSL, NIH/3T3, RED-1 and RMB-1) and hamster cells (E36, CHO), was digested with EcoRI and analysed by Southern blot hybridization. In the DNAs from GRSL, RED-1 and RMB-1 cells which were hybridized with the MulFN-cq probe at least nine different fragments could be detected ( Fig. 1 a, lanes 1, 3 and 4). The sizes of these fragments were 9.3, 6.3, 5.7, 5.1,4-0, 3-5, 3-0, 2.0 and 1-6 kb, respectively. In the EcoRI digest of DNA from NIH/3T3 cells the 6.3 kb band was missing. Instead, the 9.3 kb fragment was more prominent than in the other DNAs (see Fig. 1 a, lane 2) . Hybridization with the MulFN-e 2 probe gave rise to a largely identical profile, except possibly for a weakly hybridizing 3.8 kb fragment (Fig. 1 a, lanes 5 to 8) . However, the intensities of the various bands varied considerably. For instance, the 5-7 kb fragment which was hardly detectable in the hybridization profile obtained with the MulFN-e~ probe was one of the most prominent fragments in the MulFN-e2 hybridization. In general, as compared to the MulFN-cc2 probe hybridization with the MulFN-~ probe gave rise to more easily detectable low molecular weight fragments (compare lanes 1 and 5 in Fig. 1 a) . Since resolution in this part of the gel was much better than in the high molecular weight region we chose the M u l F N -~ probe for further analysis of hamster and mouse/hamster hybrid DNAs.
Although stringent conditions were used, there was considerable cross-hybridization between hamster DNA and the MulFN-el probe ( Fig. 1 b, lanes 1 and 2) . In D N A from E36 cells eight fragments of 20, 9.4, 6.6, 5.4, 4.2, 3.4, 2-6 and 1.9 kb, respectively were detected. In D N A from CHO cells the 9.4 kb band was very weak; instead, a 1-6 kb EcoRI fragment was visible. These results indicate, as also described above for the MulFN-e gene family, restriction enzyme polymorphism in the hamster IFN-cc gene cluster. Comparison of the profile obtained in E36 hamster and GRSL mouse D N A (and GR MaTu DNA, data not shown), the parental cells of the mouse hamster hybrid cells, showed that two fragments in the mouse DNA (1.6 and 3.0 kb, respectively) which strongly hybridized and clearly differed in size from the hybridizing fragments in hamster D N A could be used for identification of MuIFN-c~ genes present in mouse/hamster hybrid cells. Two other fragments (4.0 and 5-1 kb, respectively) which hybridized less strongly or were somewhat less resolved from the hamster fragments, could also be used for this purpose (see Fig. 1 a, lane 1 and Fig. l b, lane  1) . As deduced from the sequences of the five MuIFN-~ genes isolated so far (Shaw et al., 1983 ; E. C. Zwarthoff et al., unpublished results) EeoRI does not cut in the coding sequence of MuIFN-~ genes. Thus, most likely, the four mouse-specific fragments represent four different MuIFN-ct genes. Fig. 1 (c) shows the hybridization profile obtained with EcoRI-digested mouse and hamster DNA, using the MulFN-fl probe. Under the stringent hybridization conditions used, the MuIFN-fl fragment hybridized with a single 2.6 kb D N A fragment in the different mouse D N A preparations (only GRSL DNA is shown) and weakly cross-hybridized with a 4.8 kb fragment present in EeoRI-digested hamster DNA. Thus, it was easy to distinguish the MuIFN-fl gene from its hamster homologue.
Linkage and regional chromosomal mapping of MulFN-ot and MulFN-fl genes
For chromosomal mapping of the MuIFN-ct genes a panel of 19 somatic cell hybrids obtained by fusion of E36 hamster cells and G R MaTu mouse cells and five hybrids derived from fusion between E36 cells and GRSL mouse ceils was analysed for the presence of MulFN-~ genes by Southern blot hybridization. Similarly, the DNA of a series of 14 EMT and five EGR hybrids was used for mapping of the MulFN-fl gene. Fig. 2 illustrates some of the hybridization profiles obtained. In the experiments shown, identical DNA preparations were used for hybridization with the IFN-~I probe (Fig. 2a) and the IFN-/3 probe (Fig. 2b ). In the lanes marked' +' in Fig The presence of mouse chromosomes in the hybrids was established by testing 31 chromosome markers. In the panel all chromosomes, except chromosome 11, were at least present five times and absent in different hybrid clones. Two hybrids containing chromosome 11 were investigated. Table 1 summarizes the pairwise comparison of the presence or absence of the various chromosome markers and the MulFN-~ genes. Table 2 shows the comparison with the MulFNfl gene in the hybrid cells. As can be seen in both tables a 100 ~ concordance was scored between the phosphoglucomutase (PGM-2) marker on chromosome 4, the four resolvable MulFN-~ genes and the MulFN-fl gene. For all other chromosome markers several discordances were 13  7  2  5  2  56  NP-1  14  3  6  2  8  47  ES-10  14  4  6  2  7  53  ARS-A  15  11  0  8  0  58  SOD-1  16  9  4  4  2  68  GLO-1  17  9  0  5  0  64  SOD-2  17  10  2  5  0  71  PEP-1  18  6  3  4  2  60  GOT-1  19  9  2  6  2  58 found. A lower concordance was also observed with the two other chromosome 4 markers tested: 6-phosphogluconate dehydrogenase (PGD) and enolase (ENO). These discordances were only observed in the EGR clones, which indicates a chromosome 4 aberration in the GRSL ceils. PGD and PGM-2 were also discordant in a series of additional EGR clones not analysed in this study.
N-ras was determined as a marker for chromosome 3. Only a limited number of clones was analysed, six for MulFN-a (see Table 1 ) and two for MulFN-fl. The two hybrids analysed for both N-ras and MulFN-fl were discordant (data not shown). The concordance between chromosome 9 markers and the MulFN-~ and MulFN-fl genes was rather high (74 to 82%). However, even here, five hybrids were found which showed segregation of the isoenzyme markers tested and the MulFN-~, and MulFN-fl genes. Therefore, we conclude that both the MulFN-~ and MulFN-fl genes are localized on chromosome 4. Since a series of EGR hybrids contained only a part of chromosome 4, regional chromosomal localization of the MulFN genes was possible. The results obtained with (he five EGR hybrids analysed are summarized in Table 3 . As already mentioned, complete concordance was only found between IFN-~/fl and PGM-2, but not with the other two markers. The positions of the Pgd and the Pgm-2 loci on chromosome 4 are mapped (see Fig. 3 ; for reviews, see Roderick & Davisson, 1984; Buckle et al., 1984) ; the position of the Eno-1 locus is still unknown. The Pgd locus is situated at the distal end of chromosome 4, whereas Pgm-2 is located more proximal.
Because the IFN-~/fl bands segregated with the PGM-2 marker, the IFN-~/fl locus must be situated more proximal to the centromere of chromosome 4 than the Pgd locus. Roderick & Davisson (1984) . The centromere is at the left side of the chromosome. The numbers under the various loci correspond to the localization of the homologous markers on human chromosomes (for review, see Buckle et al., 1984) . The human IFN-~t//~ genes are located on chromosome 9. 
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DISCUSSION
In this study, we confirmed the chromosomal localization of the MuIFN-c~ genes to chromosome 4. In addition, we extended these results with the localization of the MuIFN-fl gene on the same chromosome and we described the regional localization of the MuIFN-~ and -fl genes. The results obtained show that the MuIFN-~ gene family and the MuIFN-fl gene are clustered between the centromere and the Pgd locus. Previously, a tight linkage of human IFN-~ and -fl genes has been reported (Owerbach et al., 1981 ; Trent et al., 1982) . Therefore, the linkage between the MulFN-c~ genes and the MuIFN-fl gene shown in this study indicates a strong evolutionary conservation of the chromosomal region at which the IFN-~/fl genes are situated. As in the human system, no linkage was found between the IFN-~/fl genes and the IFN-T gene, which is located on mouse chromosome 10 (Naylor et al., 1984) .
For identification of MulFN-~ genes in the DNA of the hybrid cells a 32p-labelled 0.7 kb HindIII-EcoRI MuIFN-~I fragment was used. This probe strongly hybridized with a 1.6, 3.0 and 4.0 kb EcoRI fragment in mouse genomic DNA and with variable intensity with five other fragments (see Fig. 1 a) . The 1.6 kb fragment contains the MuIFN-10EF (MuIFN-~I) gene from which the probe was derived. The differences in intensities of the hybridization signal in the other fragments can be explained by lower homology to the hybridization probe and/or to the presence of more than one IFN-~ gene in the various bands. That the former will play an important role in this respect was shown by comparison of the hybridization profiles using a MulFN-~2 probe instead of the ~j probe (see Fig. 1 a) .
During the course of this study the chromosomal localization of MuIFN-~ genes on chromosome 4 was also reported by Kelley et al. (1983) and Lovett et al. (1984) . In both studies a MulFN-~2 probe was used for hybridization.
The cluster of human IFN-~/fl genes is situated at the p13-pter region of chromosome 9 (Meager et al., 1979; Owerbach et al., 1981 ; Shows et al., 1982; Slate et al., 1982; Trent et al., 1982) . Two other loci: Gait (galactose-1-phosphate uridyltransferase) and Aco-1 (aconitase) also map in this region of human chromosome 9 (for review, see Buckle et al., 1984) . In the mouse these loci map at the centromere proximal part of chromosome 4 (Nadeau & Eicher, 1982 ; for reviews, see Buckle et al., 1984; Roderick & Davisson, 1984 ) (see also Fig. 3 ). Our data obtained so far situate the MulFN-~/fl genes between the centromere and the Pgd locus. However, if (part of) the p13-pter region of human chromosome 9 is indeed conserved in the mouse genome, the MulFN-~/fl genes will be localized between the Pgm-2 locus, the first centromere distal marker of which the human homologue is not on chromosome 9, and the centromere (see Fig. 3 ; Buckle et al., 1984) .
It is well known that the human IFN-~ genes are tightly linked (Bracket at., 1981 ; Ullrich et al., 1982) . This is probably also the case for the MuIFN-~ genes (Trapman et al., 1983; Kelley et al., 1983; Lovett et al., 1984; this study) . However, no data are available as yet concerning the relative distance on the genome between the IFN-~ and IFN-~ genes. Because a large part of human chromosome 9 might be conserved in mouse chromosome 4, our data do not supply extra information on this subject. More detailed molecular and genetic analyses will have to be carried out to elucidate this question. The polymorphisms found here and by others (Lovett et al., 1984) in the restriction enzyme degradation pattern of the MuIFN-~ gene family, which also might exist for the MuIFN-fl gene, can be used for more detailed linkage studies.
It is tempting to speculate that the MuIFN-c~/fl genes play a role in the differences in susceptibility to virus infection or perhaps also the growth of spontaneous tumours in mice. In this regard it was important that one of the most investigated loci in the mouse involved in these processes, the Fv-I locus, is situated at chromosome 4 Rowe & Sato, 1973) . This locus plays a role in the susceptibility of mouse strains to infection with a murine leukaemia virus and the development of spontaneous lymphomas. Our data obtained so far seem to exclude a tight linkage of the Fv-1 locus and the IFN-c~//~ locus. As shown in Fig. 3 , the Ft,-1 locus is linked to the Gpd locus (Rowe & Sato, 1973) , probably at the centromere distal side of the Pgd locus. As shown here, the IFN-cqfl locus is between the Pgd locus and the centromere and most likely between Pgm-2 and the centromere. However, a more detailed analysis of the position of the MuIFN-c~/fl genes on the chromosome 4 map will be necessary to substantiate this further. Restriction enzyme degradation polymorphism of the MuIFN-c~ gene cluster and the MuIFN-fl gene can be used for this purpose.
